Background: Retinal Vein Occlusion (RVO) is the second most common retinal vascular disease and the fifth common cause of visual loss worldwide. Fundus Fluorescein Angiography (FFA) is the gold standard investigation for its evaluation. However, it has some limitations. Optical Coherence Tomography Angiography (OCTA) is a novel technique for evaluation of retinal vascular changes. It may overcome some of the limitations of FFA.
Occlusion (CRVO), Hemiretinal Vein Occlusion (HRVO) and Branch Retinal Vein Occlusion (BR-VO) and pathophysiologically into ischemic and non ischemic [1] .
Retinal vein occlusions can be considered as a localized retinal manifestation of a systemic vasculopathy or coagulopathy. The most important risk factor is hypertension. Other risk factors include diabetes mellitus, hyperlipidemia and hypercoaguable states [2] . However, local ocular risk factors such as glaucoma and hyperopia are associated with retinal vein occlusion [2] .
Since its 1 st appearance in early 1960s, Fundus Fluorescein Angiography (FFA) has been an essential tool in the assessment of retinal vascular diseases [3] .
It provided essential data regarding vascular state of retina, detection of microaneurysms, neovascularization, macular edema, areas of nonperfusion and other vascular changes in retinal vascular diseases [4] [5] [6] [7] [8] .
Nevertheless, FFA is not without problems; some patients have contraindications to the dye such as those with hypersensitivity to fluorescein [9] .
Moreover, analysis of level of retinal pathology is not possible as this imaging modality is not depth resolved [10] .
Optical Coherence Tomography Angiography (OCTA) is introduced for clinical application in 2015. It is safe non-invasive, non-dye based imaging technique of retinal and choroidal vasculature 297 that is based on multiple consecutive Optical Coherence Tomography (OCT) B-scans compared regarding decorrelation signal to detect motion contrast [10] .
Optical coherence tomography angiography has the potential to be used as a clinical tool for RVO diagnosis and follow-up, providing vascular details that have not been previously observed by standard FFA [11] .
Patients and Methods
This prospective observational case series study was carried out on 30 eyes of 29 patients who were clinically diagnosed with any type of retinal vein occlusion in ophthalmology Tanta University Hospital Outpatient Clinic from July 2016 to May 2017. The main exclusion criteria were any type of treatment for RVO as argon laser photocoagulation and intravitreal injections, severe complications of RVO as neovascular glaucoma, significant media opacities as cataract that will affect the quality of the images, any contraindication for intravenous fluorescein as renal impairment and hypersensitivity and diabetes mellitus to avoid confounding.
All patients were subjected to full clinical examination. Investigations were done simultaneously. Those included FFA, OCTA and Optical Coherence Tomography (OCT).
FFA was done using Topcon TRC-50DX, (Topcon Corp, Tokyo, Japan). Both OCT and OCTA were performed using swept source Topcon OCT Triton OCTA (Topcon Corp, Tokyo, Japan) was performed using 6 X 6mm scan centered on the fovea in all cases with additional 3 X 3mm and/or 9 X 9mm in some cases. The macula was assessed in 2 zones; the superficial plexus extending from internal limiting membrane to inner plexiform layer and the deep plexus extending from inner plexiform layer to outer plexiform layer.
The data gained from FFA were compared to that gained from OCTA regarding: • Capillary non perfusion and retinal ischemia.
Cases of CRVO and BRVO were considered ischemic if retinal ischemia by FFA was ≥ 10 and 5 disc areas respectively.
Macular ischemia was studied independently from the general ischemic condition of the retina. In FFA, macular ischemia was diagnosed whenever an area of hypofluorescence, not attributed to hemorrhage, was present in the macular area. In OCTA, macular ischemia was diagnosed as decreased OCTA signal not attributed to hemorrhage.
• Macular edema, which is controlled by OCT images. In FFA, macular edema is defined as dye leakage in the mid phase. In OCTA, macular edema is diagnosed as cystic spaces devoid of OCTA signals. In OCT, edema is defined as hyporeflective spaces and/or retinal thickening.
• Microaneurysms.
• Collaterals.
• Neovascularizations.
Results
The study involved different types of RVO; 12 cases of CRVO, 15 cases of BRVO including 6 macular BRVO and 3 cases of HRVO.
Retinal ischemia: In the superficial plexus, OCTA detected ischemia in 17 cases while it detected macular ischemia in the deep plexus in 25 cases. All cases that had ischemia in superficial plexus showed deep ischemia. Macular ischemia was detected in spite of macular hemorrhage. The difference between the 2 plexuses was statistically significant. See (Table 1) .
However, FFA detected macular ischemia in 9 cases, revealed no macular ischemia in 16 cases and couldn't comment on macular ischemia-due to hemorrhage-in 5 cases.
FFA also detected extensive peripheral ischemia in 8 cases (which were considered ischemic RVOs) but OCTA didn't evaluate peripheral ischemia in all cases due to its narrow field.
About 10 cases showed intraretinal hemorrhage involving the macula with 5 of them having significant hemorrhage to obscure the macular view. FFA couldn't evaluate ischemia in them but OCTA was able to detect ischemia in all of them. Table ( 2) summarizes the difference between FFA and OCTA in macular ischemia.
In 2 cases that were diagnosed as CRVO, Paracentral Acute Middle Maculopathy (PAMM) was diagnosed based on OCT that showed in B scan multiple hyperreflective patches in the middle retina that was not presented in the FFA. In OCTA, superficial plexus showed no ischemia while the deep plexus showed significant ischemia. While in enface OCT, the middle plexus showed multiple hyperreflective patches corresponding to those found in conventional B scans.
Relationship between the type of RVO (ischemic or non ischemic) and macular ischemia:
In FFA, macular ischemia was detected in 9 cases. This involves all the 8 ischemic cases and 1 case classified as non ischemic. However, OCTA detected macular ischemia in the superficial plexus in 17 cases. This involves all the 8 ischemic cases, 5 non ischemic and 4 indeterminate. Nevertheless, OCTA showed ischemia in the deep plexus in 25 cases which involved all 8 ischemic cases, all 5 indeterminate cases and 12 non-ischemic cases. See (Tables 3-5 ).
Macular edema: Macular edema was confirmed in 25 cases using conventional OCT B scans. FFA detected macular edema as leakage in the macular area in mid phase in 23 cases of the 25 cases diagnosed by OCT. This includes cases where dense hemorrhage involved the macula.
However, OCTA could only reveal macular edema in 20 cases of the 25 cases. Edema was defined as cystic areas of decreased OCTA signal. The difference between FA and OCTA in detection of macular edema was statistically insignificant. See (Table 6 ).
Enface OCT images, when compared with OC-TA images, confirmed the presence of macular edema when ischemia was a potential cause of decreased OCTA signal intensity. Edema appears as hyporeflective areas which is not the case in ischemia.
Microaneurysms:
FFA could detect microaneurysms in 8 cases while OCTA could only detect them in 6 of these cases. The number of microaneurysms detected by FFA also was significantly higher and of better resolution.
to provide data regarding level of the collateral vessels which was not available by FFA.
Relationship between macular Ischemia and VA:
After exclusion of cases with both macular hemorrhage and ischemia detected by FFA, a statistically significant difference was found between mean visual acuity in cases with macular ischemia detected by FFA and mean visual acuity in cases in which FFA didn't detect macular ischemia. A negative relation was found between mean visual acuity and macular ischemia detected by FFA. See (Table 7) .
Also, after exclusion of cases with significant macular hemorrhage, a statistically significant negative relation was found between mean visual acuity mean and ischemia in the superficial plexus detected by OCTA. See (Table 8) .
Also, after exclusion of cases with significant macular hemorrhage, a stronger statistically significant negative relation was found between mean visual acuity mean and ischemia in the deep plexus detected by OCTA. See (Table 9 ).
No statistically significant relation was found between macular ischemia detected by FFA and macular thickness. See (Table 10) .
The same data applied to ischemia in the superficial plexus by OCTA where no statistically significant relation was found with macular thickness. See (Table 11) .
However, a statistically significant positive relation was found between ischemia found in the deep plexus by OCTA and macular thickness. See (Table 12 ). Some of the microaneurysms detected by FFA were not associated with significant retinal leakage. And some of these weren't detected by OCTA.
Another interesting finding is that in the 6 cases with microaneurysms detected by OCTA, most of them were more at the level of deep capillary plexus not the superficial one. 
Discussion
Hayreh S.S., et al., [12] found that in early RVOs, FFA wasn't able to evaluate retinal ischemia in more than 1/3 of the studied cases. They attributed this inability to the presence of retinal hemorrhage. In our study that FFA was not able to evaluate retinal ischemia due to hemorrhage in 23.8% of early cases.
In our study, OCTA was superior to FFA in detection of macular ischemia in cases of RVO. The difference was statistically significant (p-value 0.001). We speculate that this result is partially due to the highly detailed nature of OCT angiograms which detected decreased capillary flow 49.984 0.001 t:
where FFA didn't and the swept source technology which allowed better visualization in cases of retinal hemorrhage.
The latter criterion shows the potential of a clear advantage of OCTA in detection of ischemic retinal changes in cases of significant hemorrhage that obscures fluorescein angiograms. This may have a prognostic as well as a clinical value.
This result is consistent with the study of Suzuki N., et al., [13] which reported the same observation of OCTA superiority in evaluation of ischemia in cases of retinal hemorrhage.
Another finding is that OCTA showed ischemia in deep plexus more than superficial plexus. The result was statistically significant (p-value: 0.009). This result is consistent with the study of Coscas, et al., [14] . They attributed the difference in perfusion between the superficial and deep plexuses to 2 possible mechanisms. The 1 st is the direct connection between retinal arterioles and superficial capillary plexus which leads to higher oxygen concentrations in the superficial capillary plexus. The 2nd mechanism is that deep capillary plexus is directly connected to the major retinal veins in the inner retina through transverse venules. This leads to higher hydrostatic pressure and resulting more retinal ischemia. This interesting finding may improve our concepts regarding nature and pathogenesis of retinal ischemia in RVO.
On the other hand, Coscas, et al., [14] concluded in their study that OCTA detected intraretinal cystoid spaces and macular edema in even higher sensitivity than conventional OCT and FFA.
Sellam, et al., [15] and De Carlo, et al., [16] stated that enface OCT scans corresponding to OCT angiograms can be very useful in confirming macular edema in cases where OCT angiograms are not conclusive.
In our study, no such finding of hyperreflective edema in OCT scans was found nor its associated accentuated OCTA signal. However, the typical intraretinal hyporeflective edema in OCT scans appeared in most OCTA cases. There is a partial agreement with Kashani, et al., [17] that OCTA is inferior in detection of macular edema. Our study opposes the results of Coscas, et al., [14] in this point.
It was found that FFA was superior to OCTA in detection of macular edema, even in cases of macular hemorrhage. Although it was statistically insignificant in our study (p-value: 0.390), most probably due to relative small number of cases, this stresses the importance of FFA and its dynamic nature in evaluation of the retina; a very important feature and hard one to be replaced.
Our study also agrees with Sellam A., et al., and de Carlo T.E., et al., in pointing out the potential value of OCT enface scan which was very prominent in our study in differentiating edema from ischemia in some cases and detecting edema in others. This leads to an important point, which is the invaluable importance of reading OCT angiograms head to head with corresponding OCT B scans and enface scans for both complementary and confirmatory values.
Regarding microaneurysms, it was found that FFA is much more sensitive than OCTA in their detection. FFA detected microaneurysms in more cases.
This result may be due to 2 causes. The first is that FFA had a much wider field thus it covered a larger area of affected retina. The second is that OCTA is flow dependent and may miss microaneurysms with slow flow [10] . This is supported by the finding that some of the microaneurysms that were detected by FFA and not by OCTA weren't associated with significant retinal edema.
De Carlo, et al., [10] had the same result as our study. They found that FFA was more sensitive in detection of microaneurysms than OCTA and attributed this finding to slow blood motion in the microaneurysms.
Regarding collateral vessels, FFA and OCTA were equal in detection of collateral vessels, with OCTA showing the level of the vessels being in both and deep capillary plexuses. Suzuki N., et al., [13] reported that both OCTA and FFA detected the same number of collaterals with OCTA being able to locate level of the collateral vessels.
Macular ischemia detected by FFA had a negative relation with VA. This was statistically significant (p-value: 0.009). Coscas, et al., [14] concluded the same result. However, they didn't find the same result for ischemia in superficial and deep plexus although they stated that the deep plexus was generally more ischemic in RVO.
In our study, it was found that ischemia in both superficial and deep capillary plexuses had a statistically significant negative relation with VA ( pvalue: 0.009 and 0.008 respectively). Ischemia in deep plexus by OCTA had the strongest relation when compared with ischemia in superficial plexus by OCTA and ischemia by FFA. This is the same exact result found by Wakabayashi, et al., [18] and Kang, et al., [19] . They reported that ischemia in both superficial and deep plexuses by OCTA was negatively related with VA, with ischemia in the deep plexus having the stronger relation.
A positive weak relation was found between macular thickness and macular ischemia detected by FFA and OCTA in the superficial plexus. However, the result was statistically insignificant ( pvalues: 0.535 and 0.732 respectively).
On the contrary, a strong positive relationship was found between ischemia in the deep plexus and macular thickness. The result was statistically significant (p-value: 0.004).
Martinet, et al., [20] found a positive relation between macular thickness and ischemia by FFA in RVO, and related both to the BCVA. This was the same result found by Sakimoto, et al., [21] who correlated the macular ischemia by FFA with macular thickness. Both studies had statistically significant results. The difference between our results may be due to the relative small number of cases in our study.
Mastropasqua, et al., [22] reported a statistically significant correlation between superficial and deep plexus ischemia by OCTA and macular thickness. The result was similar to our study regarding deep plexus but not for superficial plexus. This may be due to the previously mentioned cause.
Conclusion:
OCTA was superior to FFA in detection of macular ischemia. Both modalities were equal in detection of macular edema, collaterals and neovascularizations. FFA was superior in detection of microaneurysms.
